Abstract. EDUCE is an Intelligent Tutoring System for which a set of learning resources has been developed using the principles of Multiple Intelligences. It can dynamically identify learning characteristics and adaptively provide a customised learning material tailored to the learner. This paper describes a research study using EDUCE that examines the relationship between the adaptive presentation strategy, the level of choice available and the learning performance of science school students aged 12 to 14. The paper presents some preliminary results from a group of 18 students that have participated in the study so far. Results suggest that learning strategies that encourage the student to use as many resources as possible are the most effective. They suggest that learning gain can improve by presenting students initially with learning resources that are not usually used and subsequently providing a range of resources from which students may choose.
Introduction
Research on learning shows that students learn differently, that they process and represent knowledge in different ways, that it is possible to diagnose learning style and that some students lean more effectively when taught with appropriate strategies [5] . EDUCE [2] [3] is an Intelligent Tutoring System for which a set of learning resources has been developed using the principles of Multiple Intelligences [1] . It can dynamically identify user learning characteristics and adaptively provide a customised learning material tailored to the learner [4] . The multiple intelligence concept defines intelligence as the capacity to solve problems or fashion products that are of value and states that there are different ways to demonstrate this intelligence. It is a concept that offers a framework and a language for developing a broad range of content that supports creative, multi-modal teaching. In EDUCE four different intelligences are used to develop for categories of content: verbal/linguistic, visual/spatial, logical/mathematical and musical/rhythmic intelligences. Currently, science is the subject area for which content has been developed. This paper describes an empirical study that examines the relationship between the adaptive presentation strategy, levels of choice and the learning performance of science school students aged 12 to 14 in a computer based adaptive learning environment using EDUCE. The goal of the research study is to address the following research questions:
• Does providing a range or learning resources improve learning gain and activity?
• Does increased personalisation of resources improve learning performance?
• What are the advantages in making adaptive presentation decisions in relation to giving the learner complete control? • What is the difference between learning gain and activity when presenting resources that are preferred and resources that not preferred? The results of this study may be significant for researchers and practitioners. For researchers, it will produce specific results that demonstrate the relationship between learning and the availability of different learning resources. For practitioners, it demonstrates how teaching in different ways can affect learning.
EDUCE
EDUCE holds a number of tutorials designed with help of subject matter experts. Each tutorial contains a set of content explaining a particular subject area. A tutorial consists of learning units that explain a particular concept. In each unit there are four different sets of learning resources, each based predominantly on one of the intelligences. The different resources explain a topic from a different angle or display the same information in a different way. Different instructional design strategies and techniques were used to create the content. For verbal/linguistic content it was the use of explanations, descriptions, highlighted keywords, term definitions and audio recordings. For logical/mathematical content it was the use of snumber, pattern recognition, relationships, questioning and exploration. For visual/spatial content it was the use of photographs, pictures, visual organisers and colour. For musical/rhythmic content it was the use of musical metaphors, raps and rhythms.
EDUCE holds a static MI profile of each student determined before the experiment using an MI inventory. EDUCE also builds a dynamic model of the student's MI profile by observing, analysing and recording the student's choice of MI differentiated material. Other information also stored in the student model includes the navigation history, the time spent on each learning unit, answers to interactive questions and feedback given by the student on navigation choices.
Content is presented using different presentation and instructional strategies that alternate between providing resources the student likes to use and does not like to use. In the static version of EDUCE, the most and least preferred resource is identified using the static MI profile. In the adaptive version of EDUCE, the dynamic student model is used to inform adaptive presentation decisions.
Research Design
The research purpose of this experiment is to explore the relationship between the independent variables: instructional strategy and level of choice, and the dependent variable: learning performance. Other variables such as MI profile, gender, previous computer experience and level of ability in school will also be examined.
There are four different levels of choice provided to different groups. These include: 1. Free -student has the choice to view any resource in any order. No adaptive presentation decisions are made as the learner has complete control. 2. Single -student is only able to view one resource. This is determined by EDUCE based on an analysis of the MI inventory completed by the student. 3. Multi -student is first given one resource but has the option to go back and view alternative resources. The resource first given to the student is determined by EDUCE based on the analysis of the MI inventory completed by the student. The Multi choice level is the same as the Single choice level but with the option of going back and viewing alternative resources. 4. Adaptive -the student is first given one resource but has the option to go back and view alternative resources. The resource first given to the student is determined adaptively by EDUCE. The predictive engine within EDUCE [4] identifies the most preferred and least preferred resource from the online student computer interaction. The instructional strategy or the presentation strategy for delivery instructional material encompasses two main strategies.
Most preferred: -showing resources the student prefers to use 2. Least preferred: -showing resources the student least prefers to use
For each learning unit, there are four MI based learning resources. Which of these resources are shown first is determined by the dynamic and static MI profile and the instructional strategy.
Learning performance is defined mainly by learning gain, learning activity and motivation. To calculate the learning gain each student before and after a tutorial will sit a pre-test and post test. The test for the pre-test and post-test is the same and consists of questions that appear during the tutorial. Learning activity is determined by the navigation profile. It is a measure of the different panels visited, the number of different resources used, the reuse of particular resources and the direction of navigation. Learning motivation or persistence is a measure of the student's progression within the tutorial and the attempts made to answer questions. The questions are multi-choice question with four options. Both learning activity and motivation are analysed to provide informed explanations on learning gain.
Content has been developed in the subject area of Science for the age group 12 to 14. Students have been randomly assigned to one of the four groups defined by the levels of choice. Each student sits through two tutorials. They will experience both instructional strategies of least preferred and most preferred. To ensure order effects are balanced out, students are randomly assigned to systematically varying sequence of conditions. The design of the experiment can be described as a mixed between/within subject design with counterbalance.
Preliminary Results and Future Work
One group of students consisting of 18 boys with an average of 13 have participated in the study so far. The group were divided into two groups, A and B. Group A use the Free choice version of EDUCE and had the choice to use resources in any order. Group B used the Adaptive choice version of EDUCE where the presentation decisions were made based on the dynamic student profile. Not withstanding the number of participants, the results were analysed to determine differences between the free choice version and the adaptive choice version. For the adaptive version, the results were analysed to determine any differences between the least preferred and most preferred strategy.
A one-way between groups analysis of variance on the learning gain both on the first day and on the second day was conducted to explore the impact of adaptivity and non-adaptivity. The three groups consisted of one group using the free choice version and two groups using the adaptive least/most preferred versions. There was no significant difference between the groups at the p<0.05 level. On inspecting the mean increase in learning gain for the different versions it interestingly reveals that the mean for the adaptive least preferred version was greater than the free choice version which was in turn greater than that of the adaptive most preferred version on both days.
To evaluate the impact of learning strategy on learning gain within subject, a paired-samples t-test was conducted There was a statistically significant increase in learning gain using the least preferred strategy (M=26.25, SD=13.024) and in using the most preferred strategy (M=10, SD=11.95), t(7)=2.489, p<0.042). The eta squared statistic (0.47) indicates a large effect size. This initial surprising result suggests that learning gain increases where students do not get their preferred learning resource. However on closer examination of the learning activity, it is found that students when given their least preferred learning resource increase their learning activity and are exposed to a wider range of resources. It suggests that strategies that increase learning activity and develop all faculties are effective in increasing learning gain.
Currently, the empirical study is underway and on completion more that 200 students will have participated in the research study.
